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ABSTRACT

Introduction The current guidelines strongly
recommend early initiation of multiple classes of
cardioprotective drugs for patients with heart failure
with reduced ejection fraction to improve prognosis
and health status. However, evidence on the optimal
sequencing of approved drugs is scarce, highlighting
the importance of individualised treatment plans.
Registry data indicate that only a portion of these
patients can tolerate all four recommended classes,
underscoring the need to establish the favoured
sequence when using these drugs. Additionally, the
choice between long-acting and short-acting loop
diuretics in the present era remains uncertain. This
is particularly relevant given the frequent use of
angiotensin receptor-neprilysin inhibitor and sodium-
glucose cotransporter 2 inhibitor, both of which
potentiate natriuretic effects.

Methods and analysis In a prospective, randomised,
open-label, blinded endpoint method, LAQUA-

HF (Long-acting vs short-acting diuretics and
neurohormonal Agents on patients’ QUAlity-of-life in
Heart Failure patients) will be a 2x2 factorial design,
with a total of 240 patients randomised to sacubitril/
valsartan versus dapagliflozin and torsemide versus
furosemide in a 1:1 ratio. Most enrolment sites have
participated in an ongoing observational registry for
consecutive patients hospitalised for heart failure
involved dedicated study coordinators, and used

the same framework to enrol patients. The primary
endpoint is the change in patients’ health status over
6 months, defined by the Kansas City Cardiomyopathy
Questionnaire. Additionally, clinical benefit at 6
months defined as a hierarchical composite endpoint
will be assessed by the win ratio as the secondary
endpoint.

Ethics and dissemination The medical ethics committee
Keio University in Japan has approved this trial. All

STRENGTHS AND LIMITATIONS OF THIS STUDY

= LAQUA-HF (Long-acting vs short-acting di-
uretics and neurohormonal Agents on pa-
tients’ QUAIity-of-life in Heart Failure patients)
is a pragmatic, randomised, 2x2 factorial,
comparative-effectiveness trial of sacubitril/
valsartan versus dapagliflozin and torsemide
versus furosemide on health-related quality of
life among patients with heart failure with an
ejection fraction <50%.

= Enrolment sites have participated in an ongoing
observational registry for consecutive patients
hospitalised for heart failure involved dedicated
study coordinators, and used the same frame-
work to enrol patients that address the limited
generalisability (ie, registry-based randomised
controlled trial).

= The primary endpoint is the change in the Kansas
City Cardiomyopathy Questionnaire-Overall
Summary score over 6 months, and the key second-
ary endpoint is a hierarchical composite endpoint at
6 months assessed by the win ratio.

= Establishing a reliable strategy for the preferential
use of cardioprotective drugs is crucial due to lim-
ited evidence on preferred sequencing; moreover,
contemporary large-scale observational studies in-
dicate that only a portion of patients with heart fail-
ure can tolerate all recommended classes of drugs.

= Additionally, as for diuretics, a key agent for allevi-
ating heart failure symptoms poses uncertainty re-
garding the preference between long-acting versus
short-acting loop diuretics in the contemporary era;
this is further exacerbated by the frequent concom-
itant use of angiotensin receptor-neprilysin inhibitor
and sodium-glucose cotransporter 2 inhibitor, which
potentiate natriuretic effects.
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participants provide written informed consent prior to study entry. The
results of this trial will be disseminated in one main paper and additional
papers on secondary endpoints and subgroup analyses.

Trial registration number UMIN000045229

INTRODUCTION

Significant progress has been achieved in drug treat-
ments for heart failure (HF) during the last decade,
especially HF with reduced ejection fraction (HFrEF).
The prognosis as well as health status of HFrEF patients
is expected to be considerably improved with the use
of guideline-directed medical therapy (GDMT), which
consists of angiotensin-converting enzyme inhibi-
tors (ACEls)/angiotensin receptor blockers (ARBs)/
angiotensin  receptor-neprilysin  inhibitor  (ARNI),
beta-blockers, mineralocorticoid receptor antagonists
(MRAs), and sodium-glucose cotransporter 2 inhibitors
(SGLT2is), which each have a class I recommendation
for use in patients with HFrEF without contraindication
according to the 2022 AHA/ACC/HFSA guideline.1 Simi-
larly, the 2021 European Society of Cardiology guidelines
for the diagnosis and treatment of acute and chronic HF
recommend the use of ARNI, as a replacement for ACEI,
and SGLT2is such as dapagliflozin and empagliflozin for
patients with HFrEF, both to reduce the risk of worsening
HF and cardiovascular death and to improve health
status.”

However, evidence-practice gaps still exist, especially
for patients with multiple comorbidities, polypharmacy,
or reluctance to undergo treatment due to costrelated
concerns.”” Clinicians may need to prioritise GDMTs with
the greatest potential benefits. Consequently, multiple
observational studies, including ours, have demonstrated
that only a fraction of patients with HF can complete the
full set of GDMT.%® At present, there is currently a paucity
of empirical evidence comparing the efficacy of available
therapeutic options for HF.

Additionally, as for the alleviation of HF symptoms, the
utilisation of diuretics, particularly short-acting and long-
acting loop diuretics, has remained largely unchanged for
many years. Recently, the TRANSFORM-HF (Torsemide
Comparison with Furosemide for Management of Heart
Failure) trial showed no significant mortality benefit over
12 months between furosemide and torsemide in patients
hospitalised with HE.? 1t should be noted, however, that
the study participants were largely recruited prior to the
approval of modern GDMTs. In recent years, the use of
ARNI and SGLT2i are becoming more prevalent with
potentially augmenting natriuretic effects.

STUDY RATIONALE AND AVAILABLE EVIDENCE

Clinical dilemma in sequencing GDMTs

Major randomised clinical trials have shown the efficacy
and safety of novel HF medications in the context of
optimal medical therapy at the time. Clinical trials of ARNI
and SGLT2i have also been conducted in situations where
optimal background treatments such as ACEIs/ARBs,

BBs, and MRAs are substantially implemented, although
target doses were often not achieved. The fact provides
strong evidence of the additional benefits of novel drugs
to well-treated patients. In recent years, there has been a
practical recommendation to combine and increase the
dose of each class of drugs from the initial stage, along
with prompt drug up-titration. The recent STRONG-HF
(The Safety, Tolerability and Efficacy of Rapid Optimi-
zation, Helped by NT-proBNP Testing, of Heart Failure
Therapies) trial supports this approach with caution for
increased adverse events, such as hypotension, hyperka-
lemia, and renal impairment, particularly in actual clin-
ical settings with diverse backgrounds.'’ Clinicians often
face the challenge of selecting appropriate medications
early in the management of HF, given the presence of
various comorbidities and individual patient characteris-
tics. As a result, patients rarely receive all evidence-based
therapies, and up-titration is not frequent in clinical
practice.”'" An independent academic web-based survey
by the European Society of Cardiology has shown a wide
variation in each clinician’s preference of drug choice for
HFrEF."

The hallmark randomised clinical trials have provided
some evidence regarding the interaction of these agents.
The DAPA-HF and EMPEROR-reduced trials demon-
strated the efficacy of SGLT2is when added to background
medication for HFrEF, including ARNL'?"* The addition
of SGLT2is to the treatment of HFrEF patients resulted in
a lower risk of cardiovascular death and HF hospitalisa-
tion and an improvement in health status, regardless of
the background use of ARNI (ie, 11%—-20% were treated
with ARNI at baseline).'® Furthermore, the EMPULSE
trial, which enrolled patients hospitalised for acute HF,
revealed that approximately 15% of the patients received
ARNI as background drug therapy.'® On the other hand,
the PARADIGM-HF trial evaluating the superiority of
ARNI over enalapril did not include patients treated
with SGLT2is.'” In the absence of direct or incremental
comparative studies between ARNI and SGLT?2is, further
research is needed to fully understand their optimal
sequencing in the treatment of HF.

Hence, pragmatic trials designed to test sequencing
of GDMTs may guide clinicians to initiate drugs without
restricted by the historical background of clinical trials.
For instance, the Cardiac Insufficiency Bisoprolol Study
(CIBIS) III trial assessed whether initiating therapy with
an ACEI or beta-blocker is preferable in patients with
HFrEF.'® Similar approaches can be utilised for new
therapies: ARNI and SGLT2i. Importantly, sequencing
trials could also combine clinical and echocardiographic
endpoints as well as those assessing evaluating adherence,
tolerability of additional GDMT, and compliance.

Usage of diuretics in the contemporary HF patients

Short-acting loop diuretics, such as furosemide, are
commonly used for HF management but have been shown
to activate the renin-angiotensin—-aldosterone system
and sympathetic nervous system,'? leading to adverse
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outcomes, particularly at higher doses.*” In contrast,
long-acting loop diuretics such as torsemide have a less
impact on the renin-angiotensin—aldosterone system
and sympathetic nervous system, stable bioavailability,
and are less likely to cause hypokalemia.”” ** This trend
is evident across international guidelines for HF, which
do not currently endorse any particular preference for
either medication. As mentioned previously, the TRANS-
FORM-HF trial was conducted to compare the efficacy
of torsemide with furosemide in patients hospitalised
with HF and showed no significant between-difference
in all-cause mortality over 12 months.” It is noteworthy,
however, that most participants were younger with a mean
age of 64-65 years, and those who received ARNI (18%)
and SGLT2is (6%) were less frequently than the current
usual care. Furthermore, the proportion of Asian patients
was very small, accounting for approximately 2% of the
study population (most of them were Black/African
American and White races).” In the TRANSFORM-HF
trial, the amount of loop diuretics used were relatively
high (approximately 80 mg per day of furosemide equiv-
alent), which might have markedly activated both the
renin-angiotensin—-aldosterone system and sympathetic
nervous system, potentially offsetting the overall benefit
of torsemide with the long-acting mechanism. Tradition-
ally, the dosages of loop diuretics employed in Japan and
other East Asian countries tend to be lower than those
commonly used in Western countries, and the situation
is different from the TRANSFORM-HF and clinical prac-
tice in other regions. These considerations represent a
critical challenge in developed countries with ageing,
multimorbid, and non-Black/African American and non-
White patients.

In addition, it remains unclear whether long-acting or
short-acting loop diuretics are preferable for patients with
HFTEF due to the potential synergistic natriuretic effects
by ARNI and SGLT2i. The PARADIGM-HF trial revealed
a reduced requirement for diuretics in the ARNI-treated
group.” Similarly, the randomised, double-blind, placebo-
controlled, crossover design RECEDE-CHF (Renal and
Cardiovascular Effect of Sodium-Glucose Co-Trans-
porter 2 Inhibition in Combination With Loop Diuretics
in Diabetic Patients With Chronic Heart Failure) trial
reported a significant increase in 24-hour urinary volume
but no change in urinary sodium levels after 6 weeks of the
combination therapy of loop diuretics and empagliflozin
in patients with HFrEF and type 2 diabetes mellitus.*® In
light of these observations, there is a need for clinical
studies to investigate the effect of combining long-acting
or short-acting loop diuretics with ARNI/SGLT2is.

Importance of setting primary treatment goal in patients’
health status

The primary objectives in the management for HF
patients are twofold: to minimise disease progression, and
to improve patients’ health status, their symptoms, phys-
ical function, and quality of life (QoL). Patient-reported
outcomes (PROs) can not only capture patients’ health

status directly, without being influenced by a physician’s
interpretation, but it also predicts their prognosis. The
US Food and Drug Administration has encouraged that
an effect on symptoms or physical function, as assessed
by PRO, can serve as a basis for approving new drugs and
devices to treat HE2" Beyond their role as outcomes
in clinical trials, PROs are increasingly being utilised
in patient-centred clinical practice, responding to the
growing call for PROs to be an integral part of quality
assessment and improvement.

The Kansas City Cardiomyopathy Questionnaire
(KCCQ) is a PRO designed specifically for HF and
includes 23 items that quantify seven different domains,
including physical limitations, symptoms (frequency,
severity, and change over time), self-efficacy and knowl-
edge, social interference, and QoL, within a 2week recall
period. Furthermore, the short version of the original
KCCQ is now available, a 12-item instrument (KCCQ-12).
Both versions have been validated across a wide spectrum
of HF patients.™

Design of the LAQUA-HF trial

Objectives

The primary objective of the LAQUA-HF (Long-acting
vs short-acting diuretics and neurohormonal Agents on
patients’ QUAlity-of-life in Heart Failure patients) trial
is to determine the superiority of sacubitril/valsartan
versus dapagliflozin or torsemide versus furosemide in
improving patients’ health status, defined by KCCQ for 6
months among patients with HFrEF who receive standard
background therapies (ie, ACEI/ARB, beta-blocker, and
MRA) (Box 1). Secondary objectives include determining
whether sacubitril/valsartan is superior to dapagliflozin
or torsemide is superior to furosemide in clinical benefits
at 6 months, defined as hierarchical composite outcomes
of time to all-cause death, total number of worsening
heart failure events (HFEs), time to first HFEs, and non-
improvement in KCCQ-OSS of >5 points from baseline
to 6 months, assessed by the win ratio. HFEs includes HF
hospitalisation, urgent HF visits, and unplanned outpa-
tient HF visits. An event is considered an HFE only if
worsening signs and symptoms of HF were present and
an intensification of therapy was performed. In addition,
exploratory objectives include the impact of these drugs
on omics information and their effect on physical activity
and sleep conditions measured by a wearable device.
Furthermore, the patients will be extendedly followed
up during 2 years after 6 month-intervention period to
capture treatment changes and also subsequent clinical
outcomes after the trial participation.

Study design

LAQUA-HF is a 2x2 factorial comparative-effectiveness
trial with a prospective, randomised, open-label, blinded
endpoint method (figure 1). Enrollment occurs entirely
within Japan and the trial is projected to randomise
up to 240 patients across 13 sites (online supplemental
table S1). The LAQUA-HF trial organisation includes a:
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Box 1 Primary, key secondary, and exploratory outcomes

Primary outcome

= Change in KCCQ-0SS from baseline to 6 months after treatment
initiation.

Key secondary outcomes

= A hierarchical composite endpoint consisting of the time to all-
cause death, total number of worsening HFEs, the time to first HFEs
within 6 months, and non-improvement in KCCQ-0SS of >5 points
from baseline to 6 months, assessed by the win ratio. HFEs includes
HF hospitalisation, urgent HF visits, and unplanned outpatient HF
visits. An event is considered an HFE only if worsening signs and
symptoms of HF were present and an intensification of therapy was
performed.

= A composite of all-cause death and non-improvement in KCCQ-0SS
>5 points from baseline to 6 months.

= Incidence of all-cause death, cardiovascular death, HF hospitalisa-
tion, and urgent HF visits for worsening signs and symptoms of HF
and an intensification of therapy from baseline to 6 months and 24
months.

= Change in KCCQ-CSS and KCCQ-TSS from baseline to 6 months
after treatment initiation.

= Change in NT-proBNP from baseline to 6 months after treatment
initiation.

= Change in LVEF from baseline to 6 months after treatment initiation.

= Change in eGFR from baseline to 6 months after treatment initiation.

Exploratory outcomes

= Change in daily physical activity and sleep conditions assessed by
a wearable device.

= Change in the circulating levels of intracellular transcriptomes, pro-
teomes, and metabolomes of biosamples.

CSS, clinical summary score; eGFR, estimated glomerular filtration

ratio; HFE, heart failure event; KCCQ, Kansas City Cardiomyopathy

Questionnaire; LVEF, left ventricular ejection fraction; NT-proBNP, N-

terminal pro-B-type natriuretic peptide; 0SS, overall summary score;

TSS, total symptom score.

(1) steering/executive committee; (2) clinical coordi-
nated centre; (3) data coordinating centre; and (4) data
and safety monitoring and clinical events adjudication
committee (DMCEC). The independent DMCEC meets
approximately every 6 months to monitor enrollment,
patient characteristics, trial processes and adherence
to randomised therapy, and accruing endpoint data.
DMCEC consists of three judges who are blinded to the
treatment arm. The members of the committee are listed
in online supplemental table S2.

LAQUA-HF also utilises state-of-the-art modalities
commonly employed in clinical trials, including prag-
matic, registry-based, and patient-oriented approaches.
The specifics of each modality are outlined in box 2.

Inclusion and exclusion criteria

Adult patients with HF in the ambulatory setting who has
standard medication regimens, including ACEI/ARB, BB,
and MRA, and daily loop diuretics with anticipated long-
term need, are eligible, provided they have: (1) a recently
documented left ventricular ejection fraction (LVEF)
45% or less; (2) the New York Heart Failure (NYHA)
functional classification II to IV; and (3) an elevated

natriuretic peptide level at screening as measured by
the local laboratory (Box 3). During the study period, it
became possible to use dapagliflozin regardless of LVEF
based on the results of the DELIVER trial and from
January 2023,%' the above eligibility criteria was expanded
to LVEF<50%. There are no criteria regarding comorbid-
ities, with the exception that patients with systolic blood
pressure<100mm Hg, patients with a serum potassium
level of >5.4mEq/L, and patients with end-stage renal
disease requiring dialysis and severe renal impairment of
estimated glomerular filtration ratio of <30 mL/min/1.73
m? are excluded (given that sacubitril/valsartan are not
recommended used in this patient population).

Statistical consideration

This study is designed to evaluate two efficacy hypotheses:
(1) sacubitril /valsartan is superior to dapagliflozin for the
change in KCCQ-OSS after 6 months, and (2) torsemide
is superior to furosemide for the change in KCCQ-OSS
after 6 months.

Based on previous reports, we hypothesised that sacu-
bitril/valsartan would significantly increase KCCQ-OSS
by six points after 6months compared with dapagli-
flozin;*** a change of five points in KCCQ-OSS is consid-
ered the minimum clinically meaningful difference.”
The change in KCCQ-OSS within 6 months after interven-
tion converges a SD of 15-20 points,”” ** and we hypoth-
esised that the SD of the change in KCCQ-OSS would be
15 based on the results of a pilot study conducted at a
single institution of the Department of Cardiology at Keio
University. For the first hypothesis, the required number
of cases was calculated to be 220 under the conditions
of a two-sided test, type I error (a): 5%, and statistical
power: 80%. The second hypothesis assumed that torse-
mide would significantly increase the KCCQ-OSS by five
points after 6months compared with furosemide, and
when superiority was tested in 220 patients for two-sided,
type I error (o) was 5%, the statistical power was 70%.
Since approximately 10% of patients will drop out due
to a loss to follow-up, that is, adverse events and deaths,
during the run-in phase and whole study period,'” and
finally we determined the enrolment of 240 patients (120
per trial group).

The primary outcome—change in the KCCQ-OSS—
will be assessed with a mixed-effects model for repeated-
measures that included treatment (sacubitril /valsartan or
dapagliflozin/torsemide or furosemide), time, time-by-
study intervention interaction and baseline KCCQ-OSS,
using an unstructured covariance matrix. Least squares
mean differences and 95% CIs will be estimated at 6
months for treatment groups. This will be repeated for
key prespecified subgroups: age, sex, body mass index,
diabetes mellitus, renal dysfunction, atrial fibrillation,
baseline LVEF, NT-proBNP, KCCQ, and physical frailty.
The distribution of patients with different clinical magni-
tudes of change will be calculated to support the clinical
interpretation of the mean differences in scores. The
secondary outcome analysis will be performed using a win

4

Shiraishi Y, et al. BMJ Open 2024;14:e076519. doi:10.1136/bmjopen-2023-076519

1ybuAdoo Ag pajaailold "is1ua)d

'IpaA IydewoueulyS Ausiaaun 018y 1e 120z ‘T Arenigad uo jwod fwg uadofwg//:duy wouy papeojumod 20z Arenigad T Uo 6T59.0-€202-uddolwad/9eTT 0T Se paysiiqnd 1siy :uado NG


https://dx.doi.org/10.1136/bmjopen-2023-076519
http://bmjopen.bmj.com/

3

Open access

B LAQUA-HF trial

- & ARNI

GroupA (n=60)
ARNI/Torsemide

) & ARNI

PS GroupB (n=60)
ARNI/Furosemide

folvl

GroupC (n=60)

Dapagliflozin/Torsemide —

kSubjecti o GroupD (n=60)
LVEF<50% " Dapagliflozin/Furosemide

GDMT titration

Screening Run-l
un-in

weeks 6~-4

Data collection

Patient background

Visit 1

Medical therapy information

checks of

Physical examination
Laboratory test
Electro/Echocardiography
Patient-reported outcome

Omics information

> > © 060 060 00O

Digital device information

1
1
1
1
1
i
i
1
1
1
i
i
1
1
1
1
1
1
1
)
1
i
i
1
1
1
i
i
i
1
1
i
i
i
i
;
Clinical outcome information |

Figure 1

amme O Torsemide Com

® Furosemide

-_— y Dapagliflozin

Torsemide D

o & Dapagliflozin

Q  Furosemide

0 63
Visit 2

|

Endpoint: QOL

I
|
)
)
)
|
)
)
)
)
1
|
I
|
|
)
|
I
)
|
|
|
1
|
]
|
|
|
I
I
|
I
I
I
1
|
]
]
]
]
]
]
]
I
]
I
1
1
1
1
1
|
|

Intervention Extended follow-up

133
Visit 3

19+3
Visit 4

26+3
Visit 5

55+4
1year

110+ 4
2 years

> > 0000 0 0

A A

1
1
1
1
1
1
|
1
1
1
i
i
i
1
1
1
i
i
]
1
1
i
i
I
1
1
1
i
i
I
]
1
I
i
i
I
1
1
i

Overview of the study flow. ARNI, angiotensin receptor-neprilysin inhibitor; GDMT, guideline-directed medical

therapy; LAQUA-HF, Long-acting versus short-acting diuretics and neurohormonal Agents on patients’ QUAIity-of-life in Heart
Failure patients; LVEF, left ventricular ejection fraction; QoL, quality of life.

ratio. The win ratio is calculated by forming all possible
pairs of one patient from the treatment group (eg, sacu-
bitril/valsartan) and one patient from the opposite (eg,
dapagliflozin), then dividing the total number of wins in
the treatment group divided by the total number of losses.
The hierarchy of the secondary endpoint is predefined as
the time to all-cause death, the total number of worsening
HFEs, the time to first HFEs within 6 months, and non-
improvement in KCCQ-OSS of >5 points from baseline to
6 months in order. The win ratio will be presented with a
calculated 95% CI. We will also repeat these processes for
the second hypothesis (torsemide vs furosemide).

All primary and secondary efficacy endpoints will be
evaluated using the intention to treat data set, including
all randomised patients. Patients with no evaluable
follow-up data for a particular outcome (eg, KCCQ) will
be excluded from these analyses. The per-protocol data
set includes all patients in the intention-to-treat data set,
excluding cases with protocol violations. We will use the
per-protocol data set for sensitivity analysis. The safety

analysis set included all patients who received at least one
dose of study medication and will be used for all safety
analyses.

Patient and public involvement

Patients and/or the public were not involved in the
design, conduct, reporting, or dissemination plans of this
research.

Ethics and dissemination

The trial was authorised by the Institutional Review
Board of Keio University School of Medicine (permis-
sion number; 20211013). The trial has been registered at
UMIN Clinical Trial Registry, and is being conducted in
accordance with the Declaration of Helsinki. All partic-
ipants provide written informed consent prior to study
entry (online supplemental material). Patient enrol-
ment began in January 2022, when the first patient was
randomised, and has already been completed in June
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Box 2 Specific features of the LAQUA-HF trial

Pragmatic design

Patients with HF and in both inpatient (ie, acute HF) and outpatient set-
tings (ie, chronic stable HF) will be randomised in a 1:1 ratio to sacubi-
tril/valsartan or dapagliflozin, and torsemide or furosemide, respectively.
Titrating of sacubitril/valsartan, and dosing and frequency of the ran-
domised diuretics during the intervention period will be at the discretion
of the patient’s usual outpatient clinicians. Patients will be assessed
by the patient’s usual outpatient clinicians at every 67 week following
randomisation up to 6 months. Safety and tolerability will be assessed
at each visit by full physical examination, and laboratory assessments
of NT-proBNP, kidney function, electrolytes, and haemoglobin measures.
After randomisation, up-titration to full optimal doses of sacubitril/val-
sartan should be performed given adequate safety. Biomarker results
and clinical assessment will guide the safety of up-titration of sacubitril/
valsartan or dosing of loop diuretics.

Registry-based

Most study sites have participated in an HF observational study during
the last decade (West Tokyo Heart Failure (WET-HF) registry), which
required consecutive registration of hospitalised patients and involved
dedicated study coordinators.®® *® In brief, WET-HF is an ongoing,
prospective, multicentre, all-comer hospitalised HF cohort registry.
Individuals hospitalised with HF were diagnosed by cardiologists at
each institution, based on both signs and symptoms of HF (eg, the uni-
versal definition of HF)*” and levels of plasma BNP or N-terminal proBNP
(>100 or >300 pg/mL). WET-HF has provided insights on the national
current status of clinical outcomes in patients with HF,%® as well as in
international collaborative projects.*' ®°

Patient-oriented

LAQUA-HF trail will use KCCQ as a primary outcome of interest. As pre-
viously stated, KCCQ has received federal certification as a clinical out-
come assessment tool, providing standardised assessment of patients’
history over time and share consistent insights on patients’ well-being
regardless of their healthcare systems or country of residence. In addi-
tion, the cross-sectional assessment of KCCQ has shown its prognostic
ability for the occurrence of clinical adverse events in multiple studies,
making it excellent surrogate for long-term prognosis.®*-%2 Additionally,
longitudinal changes in KCCQ scores have demonstrated a prognostic
value,®®® further supporting its suitability as the primary outcome mea-
sure in the LAQUA-HF trial.

BNP, B-type natriuretic peptide; HF, heart failure; KCCQ, Kansas City
Cardiomyopathy Questionnaire; LAQUA-HF, Long-acting vs short-acting
diuretics and neurohormonal Agents on patients’ QUAlity-of-life in Heart
Failure patients; NT-proBNP, N-terminal pro-B-type natriuretic peptide.

2023, with expected follow-up completion by the end of
January 2024.

Study findings will be disseminated through publica-
tions in peerreviewed journals, presentations at both
national and international academic/medical confer-
ences, and a webinar to patients with HF and health
professionals. Data are available on reasonable request
to the corresponding author. Authorship of articles will
be determined by discussion within the research team,
adhering to authorship guidelines.

Box 3 Eligibility criteria for the LAQUA-HF trial

Main inclusion criteria

1. Patient with the NYHA functional class I, Ill, or IV in the outpatient
setting.

2. An LVEF<45% within previous 12 months by any method (with most
recent value used to determine eligibility).*

*Expanded to LVEF<50% after January 2023.

3. An elevated natriuretic peptide level (either BNP or NT-proBNP) as
measured by local laboratory.

If the patient has a history of hospitalisation for heart failure (HF) with-

in 1 year at screening, BNP>100pg/mL or NT-proBNP>300pg/mL in

sinus rhythm, and BNP>150 pg/mL or NT-proBNP>450pg/mL in atrial

fibrillation.

If the patient has no history of hospitalisation for HF within 1 year at

screening, BNP>150 pg/mL or NT-proBNP>600 pg/mL in sinus rhythm,

and BNP>225 pg/mL or NT-proBNP=900 pg/mL in atrial fibrillation.

4. Age of >20 years.

Main exclusion criteria

1. Systolic blood pressure<100 mm Hg at the time of screening.

2. eGFR<30mL/min/1.73 m2at the time of screening.

3. Serum potassium level>5.4mEg/L or already taking potassium
binders at the time of screening.

4. Pregnant or nursing women.

5. Known hypersensitivity to furosemide, torsemide, or related agents.

ACEi, angiotensin-converting enzyme inhibitor; ARB, angiotensin|l re-

ceptor blocker; BB, beta-blocker; BNP, B-type natriuretic peptide; LVEF,

left ventricular ejection fraction; eGFR, estimated glomerular filtration

ratio; LAQUA-HF, Long-acting versus short-acting diuretics and neuro-

hormonal Agents on QUAIity-of-life in Heart Failure patients; MRA, min-

eralocorticoid receptor antagonist; NYHA, New York Heart Association;

NT-proBNP, N-terminal pro-B-type natriuretic peptide.

DISCUSSION

LAQUA-HF is a distinctive multicentre randomised
controlled trial designed to examine the health status
of patients with HF after the introduction of sacubitril/
valsartan versus dapagliflozin, as well as long-acting (torse-
mide) versus short-acting loop diuretics (furosemide),
in synchronisation with the registration of consecutive
hospitalised HF patients. The innovative design of this
study allows for testing of clinical benefits that include
patients’ health status defined by an internationally vali-
dated HF-specific PRO. This study will address several
important scientific gaps in the knowledge by assessing
two promising agents that have the potential to improve
the prognosis and health status of patients with HF, in
parallel with testing the efficacy of two classical diuretics.
First, strong evidence supports the use of GDMT for
HFTEF patients, yet there is limited knowledge on how
clinicians can prioritise these drugs. Second, prior large-
scale observational studies suggest that torsemide is supe-
rior to furosemide in patients with HF, but there are
confounding issues that can only be resolved by a rando-
misation strategy. Finally, LAQUA-HF includes important
features of modern clinical trial design, such as being
pragmatic, registry-based, and patient-oriented data.

LAQUA-HF has several strengths, including the

unique ability to directly compare different types of
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cardioprotective agents, such as ARNI versus SGLTZ2i,
which is unprecedented in the history of clinical trials
for HF. Except for the previously mentioned CIBIS III
trial, there are no other trials that have directly compared
various classes of GDMTs. The STRONG-HF trial demon-
strated that rapid escalation of GDMTs, coupled with
close monitoring and prompt follow-up, resulted in a
significant reduction in the composite outcome of all-
cause death and HF rehospitalisation in hospitalised HF
patients during a 6month period."” However, the trial
did not specify a particular sequence for adjusting the
dosage of each drug, and the use of SGLT2is was infre-
quent. These findings highlight the need for individual-
ised adjustment of GDMT, as well as the type of diuretics,
used in clinical practice. Furthermore, because of the
large discrepancy in patient characteristics between clin-
ical trials and observational studies, we planned a prag-
matic trial incorporating a multicentre HF registry that
enrolled hospitalised HF patients consecutively.

Assessment of HF practices in Japan

There have been substantial differences in clinical charac-
teristics, treatment patterns, and outcomes in HF patients
between Asian and Western countries. International regis-
tries have highlighted their marked differences between
Asian and Western countries (online supplemental table
$3).”* The international collaborative study with the
WET-HF registry and the Hull Lifelab registry demon-
strated that the patients in the Japanese cohort had
lower prevalence of ischaemic heart disease and chronic
lung disease, lower body mass index, and longer length
of hospital stay than those in the UK.*' British patients
had substantially higher mortality even after adjusting for
plasma NT-pro BNP and other prognostic indicators."'

Regional variations in outcomes have also been
observed in clinical trial settings; for example, the PARA-
DIGM-HF trial demonstrated a higher rate of cardiovas-
cular death in Asia compared with Western countries.*
Even within Asia, interregional variations in outcomes
persist, potentially due to insufficient medical treat-
ment.*” ** Despite enrolling in the PARADIGM-HF trial,
Asian HFrEF patients exhibited a lower rate of GDMT
implementation.” While differences in genetic back-
grounds, healthcare systems, and willingness of individual
centres to randomise eligible patients may contribute to
the variation between Asia and Western countries, the
underlying mechanism is multifactorial and complex and
hard to be explained.

Investigation of HF agents in Asian countries, including
Japan, is pertinent, since the Asian population has expe-
rienced explosive growth over the past century, with
4.4billion people currently residing in Asia, comprising
60% of the world’s population.”” The concomitant rise
in population growth, urbanisation, and adaptation of
Westernised lifestyles has resulted in an alarming surge
in the prevalence of obesity, hypertension, and diabetes
mellitus. These comorbidities increase the susceptibility
of HF and contribute to a potential ‘HF pandemic’ in

the region, with far-reaching health, social and economic
consequences.”” ** Additionally, Japan and other devel-
oped countries are facing a progressive ageing trend,
which further contributes to the recent rise of HF cases.*
Collectively, these findings highlight the need for a more
practical approach for clinicians to apply the findings in
their region and optimise medical care.

Need of pragmatic investigation in HF management
Randomised controlled trials are crucial for guiding
clinical practice, but they typically enrol a homogeneous
patient population who meet strict entry criteria, and may
notrepresent the diverse patient population encountered
in real-world settings.47 Consequently, there is uncertainty
about the benefits and risks of HFrEF therapies in under-
studied population, including older adults, frailty, sarco-
penia, and cachexia patients.” In addition, there is a lack
of representation of Asian patients in clinical trials eval-
uating the safety and efficacy of ARNI and SGLT2i with
only 13%-23% of participants being Asian.'? '* 17 31 4950
Because of these concerns about real-world applicability,
the pragmatic trials are attracting increasing attention.”'

Apart from the strict eligibility criteria mentioned
earlier, the exorbitant financial costs of HF trials have
been a major concern. The cost of HF trials is approxi-
mately 10-20 times higher than that of other trials and
can amount to several hundred million dollars.”*** To
overcome these issues and address research questions in
real-world settings, pragmatic registry-based randomised
controlled trials have been gaining attention.” The feasi-
bility of such trials has been demonstrated in the recent
TRANSFORM-HF trial.” Furthermore, the ongoing
SPIRRIT-HFpEF  (Spironolactone Initiation Registry
Randomised Interventional Trial in Heart Failure with
preserved Ejection Fraction) trial, which is based on
the integrated platform from the Swedish Heart Failure
Registry, aims to evaluate the effectiveness of MRAs
among patients with HF with preserved ejection fraction.
Following these trials, we plan to conduct the LAQUA-HF
trial in the registry settings to address the limited gener-
alisability in traditional trials and research questions in
real-world clinical settings, such as comparing the efficacy
between ARNI and SGLT2i. Furthermore, we anticipate
that the cost of this trial will be relatively low.
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